During the past decade, transjugular intrahepatic portosystemic shunting (TIPS) has become accepted as an alternative to the surgical shunt procedure for controlling the complications of portal hypertension, yet few data exist regarding infectious complications. The records of all patients who underwent a TIPS procedure during 1992-2000 at a single university teaching hospital were analyzed retrospectively to determine the rate and type of infections that occurred. A search of the English-language literature on the subject was conducted, and the findings were compared with our experience. Three cases of TIPS stent infection were identified out of 180 procedures performed during a 9-year period, resulting in an overall rate of infection of 1.7%. One of the patients was cured, and the other 2 died. A total of 21 cases of TIPS infection were identified from the literature search. A need exists for a standardized case definition for TIPS infection, and one is proposed.
For more than a decade, transjugular intrahepatic portosystemic shunting (TIPS) has been used to relieve portal hypertension and complications that result from it. It involves the intrahepatic insertion, from a transjugular approach, of an expandable metal stent to connect the systemic and portal venous systems. It is an alternative to the traditional surgical method of sideto-side portocaval shunting for shunting portal venous flow, without the inherent risks of major surgery and general anesthesia [1] . Current proven indications include control of acute variceal bleeding not relieved by endoscopic or pharmacological therapy [2] [3] [4] and prevention of further variceal bleeding [4] . It has also been found to be useful in the relief of refractory ascites where conventional methods have failed [5] [6] [7] .
As with any procedure, there have been both foreseen and unforeseen complications associated with it, including infectious complications. Infectious complications can be broadly grouped into 2 main areas: (1) periprocedural sepsis that does not involve infection of the stent, and (2) infection of the TIPS device itself. Although periprocedural sepsis has been known since the early days of TIPS stenting [8, 9] , infection of the TIPS device itself has only recently been recognized. This latter category of infectious complications is discussed in this report. Until the latter part of the past decade, all TIPS procedures in the State of New South Wales (population ∼6.5 million), Australia, were performed at a single center, after which the procedure became more widely performed. This study was undertaken first to describe the experience of TIPS infection at this center and, second, to review the literature on the subject and compare it with this experience.
PATIENTS AND METHODS
Data from all patients who received a TIPS device at Royal Price Alfred Hospital (Camperdown, New South Wales, Australia) from January 1992 through November 2000 were collated from a Radiology Department database. Data from patients with a suspected TIPS infection were identified via 3 methods. First, all gastroenterologists and infectious diseases physicians who treated these patients during the decade that these procedures were performed were interviewed. Second, a search of the medical records database that used International Classification of Diseases, Ninth Revision, disease codes was conducted. Last, a search was made of an inhouse database of the Infectious Diseases Department. Medical records and microbiological results for suspected cases were then reviewed. Patients were included in the analysis if they had undergone a TIPS procedure at any stage and if they also had a sustained bacteremia, plus either no other identifiable infective focus or other possible infective foci considered by the treating doctors and consulting infectious diseases physicians not to be the cause of the bacteremia. The definition of sustained bacteremia used here is based on that proposed by DeSimone et al. [10] : 2 blood cultures positive for the same organism, for samples obtained 112 h apart, or 3 of 3 (or the majority, if 13 were performed) blood cultures positive for the same organism, for samples each obtained 11 h apart.
A search of English-language literature for all case reports about suspected TIPS infections was conducted with use of the PubMed database. The index words used were "transjugular intrahepatic portosystemic," "TIPS," "TIPSS," "infection," "complications," and "fever." References from the initially selected articles were reviewed if deemed relevant. Data were included if a TIPS recipient had a clinical course consistent with an endovascular infection, was bacteremic, and had no other infective focus identified that may have explained the clinical course.
RESULTS
At our institution, a total of 180 TIPS procedures were performed for 154 patients from January 1992 through November 2000. All were performed by the same interventional radiologist. A total of 5 cases of possible TIPS infection were identified with use of the search method described above. After a review of the patients' medical records and microbiological results, 3 were found to fit the case definition and are described here. The remaining 2 were excluded because infective foci elsewhere were considered to be a probable explanation for the sustained bacteremia.
A total of 8 scientific papers describing 22 cases of suspected TIPS infection were found in the literature search. One case from a series of 4 cases of enterococcal bacteremia [11] was excluded because the patient had aortic valve endocarditis and it was considered impossible to definitively ascribe the patient's clinical course to a TIPS infection. Therefore, 21 cases are included in this report, the details of which are summarized in table 1.
Patient 1.
A 66-year-old woman initially presented in May 1997 with acute upper gastroenterological bleeding, coagulopathy, hepatic encephalopathy, and signs consistent with chronic liver disease and portal hypertension. She was a known heavy drinker of alcohol but was otherwise well. A TIPS procedure was performed with a Memotherm -mm stent 140 ϫ 100 after failure of gastroscopic banding of gastric and esophageal varices. She recovered and was discharged while healthy, 4 weeks after presentation.
Her next presentation was in April 2000 after a 3-day history of fever, rigors, and diarrhea. Blood tests revealed leukocytosis (leukocyte count, 9 cells/L; neutrophil count, 9 18 ϫ 10 13 ϫ 10 cells/L), a platelet count of 9 platelets/L, and stable liver 75 ϫ 10 function test findings. She was empirically treated with intravenously administered broad-spectrum antibiotics (ticarcillinclavulanic acid, 3.1 g q.i.d., and metronidazole, 500 mg b.i.d.) after blood samples were obtained for culture. An abdominal CT scan revealed a right subphrenic collection, and 500 mL of sterile fluid was drained from it. Ampicillin-sensitive Escherichia coli was isolated from blood culture. The findings of transthoracic echocardiography and endoscopic retrograde cholangiopancreatography were normal, and an abdominal Doppler ultrasound showed a patent TIPS stent with normal-direction blood flow. However, despite receiving 18 continuous days of therapy with antibiotics to which the organism was susceptible, she remained febrile and unhealthy, and E. coli was again isolated from blood cultures. An additional transthoracic echocardiograph, a chest radiograph, an abdominal CT scan, and an abdominal ultrasound failed to reveal a source of the ongoing fever. In particular, there was no evidence to suggest a reaccumulation of the subphrenic collection. She gradually improved during the final week of her hospital stay and was discharged on day 31 receiving ciprofloxacin (500 mg b.i.d. po). She received this therapy for a further 3 months. Thirty months after discharge from the hospital, she was healthy and was not receiving antibiotic therapy.
Patient 2.
A 65-year-old woman had chronic liver disease due to hepatitis C virus as well as acquired, severe von Willebrand disease. She presented with acute bleeding from gastroesophageal varices and was found to be coagulopathic and thrombocytopenic. She had a TIPS device placed on day 2 after failure of transesophageal sclerosis of varices, and she became febrile soon afterward. Therapy with intravenously administered broad-spectrum antibiotics-namely benzylpenicillin (1. with the same susceptibility profile as the initial isolate, despite uninterrupted intravenous vancomycin that delivered appropriate blood level concentrations. Transthoracic and transesophageal echocardiographs, CT scans of the abdomen and pelvis, a chest radiograph, Doppler studies of her upper limb vessels, and a radionuclide bone scan failed to reveal an infective focus. On day 34, vancomycin therapy was ceased after she developed a skin rash, and teicoplanin (400 mg q.d.) was initiated. She was discharged home on day 59 with a plan to continue to receive daily intravenous doses of teicoplanin for a total duration of 6 weeks after the most recent positive blood culture. Two weeks after discharge, she developed worsening back pain, and an MRI scan revealed lumbar diskitis. Addition of rifampicin (600 mg q.d.) and increasing the teicoplanin dose to 800 mg per day resulted in rapid radiological and clinical improvement of her diskitis, but she remained febrile. An additional 2 sets of blood cultures were again positive for the same strain of MRSA 12 weeks after commencement of what should have been effective antibiotic treatment for diskitis. Because of the high likelihood of infection of the TIPS device, a plan was devised to continue anti-MRSA treatment indefinitely, but she developed respiratory and urinary sepsis leading to multiorgan failure, and she died 3 months after admission to the hospital. An autopsy was not performed.
Patient 3.
A 55-year-old man had cirrhosis due to hepatitis B virus infection and alcohol use; the cirrhosis was complicated by portal vein thrombosis, portal hypertension, and known esophageal varices. His medical history included recurrent nonHodgkin lymphoma which had been extensively treated with radiotherapy and chemotherapy, but the patient was stable at the time of admission to the hospital. He presented in February 2000 with an acute upper gastrointestinal hemorrhage. Transesophageal sclerosis of varices failed to control the bleeding, and a portosystemic shunt was attempted surgically but was unsuccessful because of fibrosis associated with previous radiotherapy. Bleeding continued, and a TIPS procedure was performed with a Memotherm -mm stent. Bleeding con-14 ϫ 100 tinued, however, and during the next few weeks, a number of other surgical and radiological procedures were attempted to ameliorate the effects of portal hypertension. Five weeks after hospitalization, Pseudomonas aeruginosa was isolated from a blood culture. Despite commencement of combination intravenous antibiotics to which the organism was susceptible (ticarcillin-clavulanic acid, 3.1 g q.i.d., and gentamicin, 320 mg q.d.), P. aeruginosa grew on 8 separate blood cultures during the next 11 days. The TIPS device was implicated when an extensive diagnostic evaluation did not reveal a convincing alternative source of infection.
Antibiotic therapy was changed to intravenously administered amikacin (1 g q.d.) and ciprofloxacin (400 mg b.i.d.), and the infection was controlled. Doppler ultrasound showed the TIPS stent to be stenosed, and dilation was attempted by balloon angioplasty on day 68 after hospitalization. A second TIPS procedure was performed 3 weeks later, with the new stent ( mm) placed end to end with the original one. 14 ϫ 80 Soon after this procedure, the patient again showed signs of sepsis, and the next day, P. aeruginosa was again isolated from blood culture and in numerous additional blood cultures during the next 2 weeks. His condition continued to deteriorate, and there were further episodes of upper gastrointestinal bleeding as well as sepsis due to MRSA and P. aeruginosa, the latter now multidrug resistant. He died of multiorgan failure 15 weeks after admission to the hospital. P. aeruginosa and MRSA were both isolated from the patent TIPS stent at autopsy.
DISCUSSION
Of the 180 TIPS procedures performed at our institution during a 9-year period, a total of 3 cases of presumed TIPS infection were identified, representing an estimated overall infection rate of 1.7% of procedures performed. This is similar to the findings of a US study of 5 cases of TIPS infection in 99 TIPS recipients during a 7-year period, for an overall rate of 5.1% [10] . Precise estimates of infection rates are not possible, however, because the nature of the infection dictates that diagnostic tissue samples cannot be obtained except at autopsy.
The 3 patients described here all demonstrate the difficulties involved in diagnosis and treatment of infection of TIPS devices. The treating medical teams, including gastroenterologists, infectious diseases physicians, and intensive care specialists, all considered infection of the TIPS device in these patients to be the most likely scenario. Although patient 1 presented with a right subphrenic collection and positive blood cultures, she continued to have bacteremia due to E. coli some weeks after radiological resolution of the collection. The organism was not cultured from the collection, and no other infected site was found. The TIPS infection due to S. aureus in the second patient was seemingly related to infection of the central line. The patient was found to have diskitis late in the course of her illness, but her clinical course strongly suggests an endovascular infection with subsequent seeding to an intervertebral disk, rather than bacteremia stemming from the diskitis itself. Even after radiological and clinical improvement of her diskitis, and after 3 months of what should have been adequate antibiotic treatment, she remained bacteremic and eventually died of septic complications. The third patient developed sustained pseudomonal bacteremia 5 weeks after admission to the intensive care unit, after he had undergone numerous medical and surgical interventions to control variceal bleeding. Other than his TIPS, there was no other infective focus implicated. The bacteremia recurred immediately after manipulation of the stenosed TIPS and placement of a new one, adding further strength to the diagnosis.
There are relatively few reports of infection of TIPS devices in the literature. The first was in April 1997, several years after the procedure was introduced [17] . On the basis of findings for the 21 cases of TIPS infections that have been reported, there appear to be 2 distinct clinical entities: early and late infection. Early infection pertains to infection of the device as a result of seeding at the time of insertion or during the initial hospital admission [11] , or it is the result of a technical complication of the procedure, such as development of a portal vein-bile duct fistula [16] . Late infection occurs months or years after stent placement, often after revision of the TIPS device or manipulation of it to rectify stenosis [10-12, 16, 17] . Of the 21 reported cases, 4 (19%) were early infections, 16 (76%) were late infections, and the temporal relationship was not mentioned in 1 case. There are too few data to make any conclusions regarding how this affects the course and outcome of the infection. In our series, the case in patient 1 is an example of late TIPS infection, because the infection occurred some years after stent placement, whereas, in patients 2 and 3, infections occurred in the postprocedural period and, as such, are early infections.
One of the features of the organisms implicated in the TIPS infections in the cases reported here is their higher grade of pathogenicity compared with most other cases reported to date. Apart from S. aureus in 2 patients and gram-negative enteric organisms isolated from 4 patients in the study by Sanyal and Reddy [14] , the remainder of the previously reported cases were infections involving organisms with relatively low pathogenic potential, such as enterococci, Gemella species, and lactobacilli. This may explain the apparent successful outcome with medical treatment alone for 11 (52%) of 21 of the previously reported cases. P. aeruginosa has been implicated in only 1 other reported case, and this involved a prolonged course of bacteremia due to a variety of organisms caused by a portal-vein bile duct fistula.
Because of the small number of cases of TIPS infections reported, the disparate nature of pathogens isolated, and the highly variable course of illness, it is impossible to be prescriptive regarding treatment duration. Similarly, few data exist regarding antibiotic prophylaxis before TIPS placement or prophylaxis for high-risk procedures subsequent to placement. Treatment and prophylaxis should therefore be individualized. Consideration should be given to prescribing long-term suppressive antibiotic therapy in difficult-to-control cases. However, this type of management was only deemed necessary in a single case reported to date, which is surprising, given the nature of the infection and comparing it with other endovascular device infections. Unlike infection associated with other endovascular devices, which can normally be surgically replaced, it is not currently possible to remove the TIPS stent without transplanting the entire liver. If the patient does not respond to appropriate medical treatment, the dilemma then becomes whether or not to risk liver transplantation in a bacteremic, unhealthy patient. In our series, patient 1 eventually responded to antibiotic therapy and was cured, whereas patients 2 and 3, both of whom died, had severe comorbidities that precluded liver transplantation.
A standardized case definition for TIPS infection needs to be established. To date, there has been little consensus in the reporting of cases in the literature. We believe that the case definition should be a specific rather than a sensitive one for 3 main reasons: because we want to ensure uniformity in case reporting and research, because the lack of a "gold standard" test makes these infections difficult to diagnose, and because the management of them differs from the management of more common types of infection. The case definition used in this report, first proposed by DeSimone et al. [10] , is not a specific one and fails to reflect the unremitting nature of the bacteremia of the patients in our series. The interval between commencement of appropriate antibiotic therapy and isolation of the pathogen for the final time was 18-84 days in these patients. The most specific case definition would include histopathological evidence of stent infection, although this is impractical in most circumstances. A more practical way to increase specificity is to increase the defined time period during which the patient experiences bacteremia.
Another point of contention regarding the case definition of TIPS infection is whether radiological evidence of thrombosis or vegetations should be used as a criterion for "definite" infection, as proposed by Sanyal and Reddy [14] . Of the previously reported TIPS infections, occluded and partially occluded stents were found in 9 of 21 and 6 of 21 cases, respectively, or 71% overall. One of the patients in our series was shown to have an occluded stent, one remained patent, and data were unknown for the other. Although the majority of patients described to date have had coexisting thrombus or vegetations, an unequivocal link cannot be established until it is adequately supported by histopathological methods [18] .
On the basis of our experience and a review of published case reports, we therefore propose the following case definition for infections of TIPS devices, a more stringent definition than those that have been used to date: sustained bacteremia in a patient with a TIPS device, with or without thrombus, plus either no other identifiable infective focus or an identifiable infective focus that is not considered to be the source of the bacteremia after an exhaustive workup. "Sustained bacteremia" is defined as у2 blood cultures positive for the same organism, the first and last being separated by у7 days. If the bacteremia is temporally related to manipulation of an existing stent, this should add diagnostic weight.
The limitations of this study include its retrospective nature, its reliance to some degree on the memories of treating doctors, and the fact that the procedure was performed by a single interventional radiologist from 1 hospital. There is little doubt that the 3 cases described here represent true TIPS infections, but they may well underrepresent the true incidence of this hospital's experience. This study adds to the existing limited body of knowledge of an uncommon infection; it is important because of the relatively higher grade pathogenicity of the organisms implicated compared with most other studies; and it proposes a new, more specific case definition of TIPS infection.
